To satisfy the requirement of surface roughness with medium measurement in the machining process, a surface roughness prediction system is developed in this paper. A process classification algorithm and a texture feature difference compensation method are proposed. Four kinds of texture feature including contrast, correlation, energy and homogeneity, are extracted from roughness specimen's clean and containing medium surface by using GLCM (Gray level co-occurrence matrix) texture analysis method. Then the model of BP neural network is built to predict the surface roughness of seven kinds of processing technic. Finally, the experimental results show that the system which is developed based on Matlab GUI can effectively predict roughness of containing medium surface of a workpiece.
Introduction
Non-contact surface roughness measurement is a hot topic in the field of roughness detection. T. Jeyapoovan has researched speckle images of grinding workpiece, and found that their gray mean value, standard deviation and kurtosis are proportional to the values of Ra [1] . B. Rajamanickam analyzed speckle image in frequency domain to improve the efficiency of image processing using the fast Fourier transform [2] . V.K. Volosyuk applied wavelet transform method to the preprocessing of laser speckle image [3] . Jing Yu claimed that gray level co-occurrence matrix (GLCM) and autocorrelation function could be used to analyze laser speckle images [4] . The majority of above study objects are the surfaces with small roughness value, such as grinding machining surface and so on. However, the measurement outcomes are not precise for large ones. Hence speckle method is not suitable for large values, which leads to certain restrictions for application.
In the process of surface texture extraction, the clean surfaces are chosen in order to remove the interference of medium. S. Palani extracted the clean milling surface features and used fuzzy network to predict roughness values [5] . And Min Li extracted GLCM texture features from clean surface of turning parts and built multiple regression models [6] . M. L. Alves also captured clean surface images of specimen to verify the feasibility of the extraction method of the surface texture of the image [7] .
In the cutting machining process, online measuring surface roughness is conducted sometimes. But surface is usually covered with cutting fluid. There may be water vapor in surface when humidity is large. The medium of oil or water vapor will bring a lot of interference for texture feature extraction. Few researchers discussed the surface containing the medium using non-contact measurement.
In this paper, surface texture images are photographed by CCD directly. The texture features are extracted from preprocessed images by using GLCM. The model of BP neural network is built later. A method of texture feature difference compensation is applied to improve the recognition rate of roughness prediction. A machining method classification algorithm is used to classify surfaces of seven kinds of processing technic. Finally a surface with medium roughness prediction system is developed by Matlab.
GLCM Theoretical Fundamentals
Gray level co-occurrence matrix proposed by Haralick is a texture analysis method, which reflects the image intensity interval comprehensive information and magnitude of changes in either direction [8] .
( , ) p i j  is the pixel normalized to the joint probability distribution. Four common texture features are shown as follows:
Contrast can be described as the clarity of the image. It is the clarity of texture on the visual effects. If the image has more delicate texture, the value of contrast will be larger.
2) Energy
Energy is also called angular second moment. It is the gray uniformity of images [9] . The larger the surface roughness is, the greater the energy becomes.
3) Homogeneity
Homogeneity is the measure of the randomness of the image content. If the image has no texture, the value of it is almost zero.
Correlation reflects the degree of similarity in the column and row direction of GLCM elements. In this paper, four features are considered as the texture parameters for extraction.
Texture Features Extraction Process
Image Acquisition System. The workpiece surface image acquisition system is established in this paper, shown in Figure 1 . The system consists of a SX-3 stereoscopic microscope, the Panasonic 5 mega pixel CCD, SENTRY illuminometer, annular LED light source and a PC. The objects of image acquisition are standard roughness specimen which includes seven processing technic i.e. turning, flat milling, vertical milling, planing, external grinding, flat grinding and grinding.
To reduce the random error, the areas of image acquisition are divided into 30 blocks as shown as Figure 2 , including 6 rows and 5 columns. The texture features of the resulting values are averaged as the specimen surface texture data. The most commonly used parameters of surface height are average roughness Ra. Matlab image processing toolbox is applied in the experiment. Graying, histogram equalization and median filtering pretreatment are used to enhance the texture detail. Features extraction flow diagram is shown in Figure 3 . In order to investigate the influence of oil and water vapor medium on the texture features of workpiece surface, the surfaces are covered with oil medium. The thickness of the oil is about 0.5mm. In the roughness sample block, the surface of the water vapor is simulated by two kinds of water vapor medium, the diameter of which is about 0.8mm and 0.4mm respectively. When Ra = 0.8mm, texture images of flat milling roughness sample surface with oil and two kinds of water vapor medium are shown in Table 1 . From the results of features data analysis, it could be concluded that the contrast is decreased with the addition of roughness, which indicates that the texture of the image is coarser when Ra is increased.
The homogeneity is increased with the addition of roughness, which indicates that the texture of the image is more random when Ra is increased.
The energy is increased with the addition of the roughness, which indicates that the gray distribution of the image is more uniform with the increase of Ra value.
The correlation is increased with the addition of roughness, which indicates that the texture direction of the image is more obvious when Ra is increased. Table 1 is also indicated that the instability of the texture features of the image is increased by the oil and water vapor medium. Similarly, the same conclusion can be obtained by analyzing the texture features of the other process technic simples.
Process Classification Recognition Algorithm
In the process of measurement, surveyors need to know the real information of surface machining method. In order to make the prediction system recognize the machining categories automatically, a classification algorithm is proposed based on the distribution of texture features extracted from the surface covered oil, or water vapor or other medium. To minimize the impact of compression on image quality, the calculating parameters are d=1, g=256 and 0
The features distribution of seven kinds of process technic is shown in Table 2 . According to the features distribution of clean, oil and water vapor medium surface of each process, a classification algorithm for processing technology can be obtained. Classification algorithm flow chart is shown in Figure 5 . Table 2 , it can be seen that vertical milling, grinding, planing, flat milling and external grinding process can be separated by the contrast, energy and homogeneity. However, the flat grinding and turning processes with different surface states cannot be well separated by features. Due to the surface of turning process is a circumference surface and flat grinding process surface is a plane one, it is easy to judge from the appearance of the workpiece when the surface is from turning or flat grinding process.
BP Neural Network Prediction
BP neural network is a widely used forecasting model [10] . Four texture features of seven process clean surface are the training samples. BP neural network is established to predict the roughness of seven kinds of machining method. Network target error is 0.01 and the classical gradient descent method is used for the learning method. Neural network training error curve as shown in Figure 6 . The neural network in the training to 112th step has reached the goal error of 0.01. There are 30 prediction samples for the grinding process. There are 40 prediction samples for the other processes respectively. A total of 270 simples of seven kinds of processes are predicted before and after compensation. The results of BP network prediction recognition are shown in Table 3 . Table 3 Recognition rate before and after compensation Table 3 , the recognition rate of prediction roughness is 60-90% before compensation. However, the surface roughness of the external grinding process has the lowest rate, only 55%.
Due to certain interfere generated by oil and water vapor medium, recognition of roughness is not very precise. In this paper, the following method is presented to reduce the influence of medium.
Firstly, the difference of the texture feature value of the oil or water vapor medium and the one of clean surface is used as the compensation value for the texture features. The compensation values of the surface oil or the vapor medium of the roughness are listed as shown in Table 1 .Secondly, the texture of the surface of prediction samples containing oil or water vapor is extracted and calculated by the image acquisition system, and the prediction sample data is obtained. Thirdly, the prediction data and the corresponding compensation value are added to the sample data after compensation. Finally, the optimized BP neural network model is built to predict the surface roughness by the simple data after the compensation.
After using the difference compensation method, the accuracy of the roughness of the workpiece in three different surface states can be improved efficiently as shown in Table 3 .
Surface Roughness Prediction System
In order to verify the feasibility and validity, the surface roughness prediction system is developed based on the Matlab graphic user interface.
This system mainly consists of three functional modules. The first one is the texture feature extraction module. The second one is BP neural network prediction module. The third one is the result display module. The main interface of the roughness prediction system is shown in Figure 7 . System operation procedure flow chart is shown in Figure 8 . Fig.7 Main interface of the roughness prediction system For example, firstly, a texture image of flat milling machining method is imported into system to start this prediction. The system can automatically output the process category according to the classification algorithm. Secondly, the type of surface medium should be chosen according to the actual situation of the surface. The texture features of the surface are displayed at the prediction interface. Thirdly, BP network predictive parameters should be selected, such as target error, learning rate and so on. Finally, surface prediction results are shown after pressing the BP network forecast button.
From the result of prediction system, it can be seen that the result of the prediction is Ra=1.6mm, which is consistent with the actual roughness of this image. Meanwhile, the results of other processes are matching well with ideal outcomes according above steps. Limited to space, this paper only lists the results of the plain milling process prediction.
Summary
A containing medium surface roughness prediction system is finally developed based on Matlab GUI in this paper. The research results of this paper are as follows:
1) The texture feature difference compensation method proposed in this paper can effectively reduce the interference of water vapor and oil medium to texture image, and improve the accuracy of detection of water vapor and oil medium workpiece surface roughness.
2) A process technic classification algorithm proposed in this paper can effectively classify the containing oil and water vapor medium surface of the seven process technic.
3) The system can be used to predict the surface roughness of seven kinds of process technic with oil and water vapor medium. The application range of features difference compensation method is wider than that of the laser speckle method.
However, there are also many aspects need to be further studied. In the production process of the workpiece, the effect of various medium or residues on the surface of the workpiece is complicated. Only two medium i.e. water vapor and oil are simulated in this paper. The texture difference compensation method of workpiece surface residues in other media, such as dust and emulsion on the influence of rough detection can be further explored and researched.
